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The invention relates to a molecular chimaera for use in dierapy with a prodnjg, the chimaera comprising a transcriptional regulatory 
DNA sequence capable of being activated in a targetted mammalian call and a DNA coding sequence opcratively linked to the tanscriptional 
regulatory DNA sequence and encoding a y9-lactamase enzyme such that on expression of said coding sequence in the targetted cell, the 
/^-lactamase enzyme is capable of catalysing conversion of the prodrug into an agent toxic to the targetted call. The enzyme ^-lactamase 
has particular advantages when used in GDEFT or VDEPT in terms of the range of prodrugs that can be produced which are capable of 
being converted to the active species by the enzyme. 
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VECTOR CONSISTING OF A TRANSCRIPTIONAL REGULATORY DNA SEQUENCE LINKED TO 
A DNA SEQUENCE ENCODING BETA-LACTAMASE FOR ENZYME PRODRUG THERAPY 

The present invention relates to targetted enzyme prodrug therapy. 
Targetted enzyme prodmg therapies provide a method for restricting the activity of a 
5 chemotherapeutic agent to a particular target site. This is desirable when the systemic 
presence of the chemotherapeutic agent produce unwanted side effects. Although 
applicable to any therapeutic regime for which a targetted approach is advisable, the 
technique is particularly applicable to the treatment of cancer where therapeutic 
regimes have previously involved the systemic introduction of highly cytotoxic 
10 compounds which exert their effect in a non-selective manner on both healthy and 
tumourogenic cells. 

Research in the area of cancer chemotherapy has produced a variety of antitumour 
agents v\^ich have differing degrees of efficacy. Standard clinically useful agents 

15 include adriamydn, actinomycin D, methotrexate, 5-fiuorouracil, cis-platinum, 
vincristine and vinblastine. However, these presently available antitumour agents are 
known to have various disadvantages such as toxicity to healthy cells and resistance 
of certain tumour types. Other fomis of therapy such as surgery, are known. However 
it is clear that novel approaches and entities for cancer therapies are required if 

20 significant progress in the clinical management of this disease is to be achieved. 

Targetted eruryme prodaig therapies may offer significant improvements in cancer 
therapy, either alone or in combination with existing treatment regimes. One such 
therapy relates to the use of molecular chimaeras, which encode a heterologous 
25 enzyme and, which are delivered to targetted cells. Intracellular expression of the 
enzyme allows catalysis of a subsequently administered prodmg to its active cytotoxic 
or cytostatic fonm. The therapy is known as gene or virus directed enzyme prodrug 
therapy (GDEPT or VDEPT). 

WO-A-90 07936 describes a treatment for an infection or a hyperproliferative disorder 
30 which is characterised by the presence, in the affected cells, of a trans-acting factor 
capable of regulating gene expression by inserting into the cells a polynucleotide 
construct having a cis-acting regulatory sequence which is regulated by the trans- 
acting factor and an effector gene which renders said cell susceptible to protection or 
destruction. For example, the cis-acting region may be homologous to the HIV tar 
35 region, and the effector gene may encode ricin A or HSV-1 thymidine kinase. Upon 
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infection with HiV, the HIV tat protein activates the tar region, and induces 
transcription and expression of ridn A, resulting in cell death, or of HSV-1 tk, resulting 
in cell death upon treatment with dideoxynudeoside agents such as acydovir and 
gancyclovir. 

5 

EP-A-0 334 301 describes methods for the delivery of vectors using recombinant 
retrovirus wherein the vector construct directs the expression of a protein that 
activates a compound with little or no cytotoxicity into a toxic product in the presence 
of a pathogenic agent, thereby effecting localised therapy to the pathogenic agent. 

10 

EP-A-0 415 731 describes molecular chimaeras for use with prodrugs, comprising 
transcriptional regulatory DMA sequences capable of being selectively activated in a 
mammalian cell, a DMA sequence operatively linked to the transcriptional regulatory 
DMA sequence and encoding a heterologous enzyme capable of catalysing the 
1 5 conversion of the prodmg into an agent toxic to Vne cell. 

EP-0 382 41 1 proposes a targetted enzyme prodmg therapy for neoplastic disease 
which utilises antibodies to direct an enzyme such as p-lactamase to neoplastic 
tissues where the enzyme can catalyse conversion of a prodrug to a cytotoxic agent. 
20 However, this approach is limited by the availability of suitable targetting antibodies 
and their lack of ability to penetrate solid tumours and by the fact that the cytotoxic 
agent is generated extraoellularly and therefore must enter the neoplastic cell to exert 
its cytotoxic effect 

The range of prodrugs suitable for use in GDEPT, and hence the range of cytotoxic or 
25 other threapeutic agents which can be targetted using this approach, is limited by the 
availability of DNA encoding an enzyme which possesses appropriate catalytic activity 
to convert the prodrug into the active cytotoxic or other therapeutic agent, which DNA 
is capable of expression in a eukaryote. An object of the present invention is to 
improve and extend the range of prodmgs which can be used in GDEPT. 

30 

The present invention relates to the use of a p-lactamase enzyme in GDEPT. More 
particulariy the present invention provides a molecular chimaera for use in therapy with 
a prodrug, the chimeara comprising a transcriptional regulatory DNA sequence 
capable of being activated in a targetted mammalian call and a DNA coding sequence 
35 operatively linked to the transcriptional regulatory DNA sequence and encoding a p- 
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lactamase enzyme such that on expression of said coding sequence in the targetted 
cell, the p-iactamase enzyme is capable of catalysing conversion of the prodrug into 
an agent toxic to the targetted cell. 

5 Hie enzyme p-iactamase has particular advantages for use in GDEPT in terms of the 
range of toxic agents which can be presented In the form of prodrugs capable of 
conversion to the active agent by means of the enzyme. In principle any toxic agent 
can be converted to such a prodrug by conjugation with another compound through a 
bond capable of being cleaved by p-lactamase. According to one particularly 

10 advantageous embodiment, conjugates are formed between the toxic agent and a 
cephalosporin. Specific examples of toxic agents include 5-fluorouracil, methotrexate 
and adrlamycin whxdn may be linked in each case to, for example, a cephalosporin 
(see WO-A-94 01 137 and EP-A-0 382 411) or cephalosporin mustards (see EP-A-0 
484 870). in each case the cephalosporin/toxic agent conjugate shows markedly 

1 5 reduced toxioty but can be converted to the active form by p-iactamase thus making It 
su'itable for use as a prodrug in GDEPT. Other toxto agents can be linked to 
cephalosporins In a similar way. 

Prodrugs for use according to the present invention may thus tie based on any 
20 compound showing a suitable chemotherapeutic effect. Such chemotherapeutic 
agents are preferably antMnflammatory, anti-viral or anti-cancer compounds, and 
more preferably cytotoxic compounds such as nitrogen mustard agents, antifolates, 
nucleoside analogs, the vinca alkaloids, the anthracydines, the mitomydns, the 
bleomycins, the cytotoxic nucleosides, the pteridine family of drugs, the 
25 podophyophyllotoxins, the sulfonylureas (as described in EP-A-0 222,475) and low- 
molecular-weight toxins such as the trichothecenes and the colchicines. Particularly 
including doxorubidn, daunorubidn. aminopterin, methotrexate, taxol, methopterin, 
dichloromethotrexate, mitomydn C, porfinnoycin, 5-fluorouracil, 6-mercaptopurine, 
cytosine arabinoside, podophylkstoxin, etoposide, melphaian, vinblastine, vincristine, 
30 desacetylvinblastine hydrazide, leurosidine, vindesine, leurosine, trichothecene and 
desacetylcolchicine. 

The molcular chimeara according to the present invention may provide intracellular 
expression or membrane bound expression or secretion of the p-lactamase enzyme in 
35 the targetted cell. Secretion or membrane bound expression of the p-lactamase 
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enzyme has the advantage of inaeasing the phenomenon known as "neighbouring 
cell kill" GDEPT and VDEPT regimes which involve the intracellular expression of the 
heterologous enzyme and intracellular catalysis of the prodrug are limited in temis of 
their efficiency in that, for example in tumour therapy using retroviral mediated 
targetting only between 1 and 10% of cells of the solid tumour may be infected by 
retrovirus. Hence therapy is limited to those 1 to 10% of infected cells and the 
neighbouring 90-99% of cells remain untreated. Clearty in a hyperprolrferative 
condition it is desirable to maximise cell kill and so the ability to kill uninfected 
neighbouring cells is extremely important. Extracellular conversion of the prodrug into 
the toxic agent can be achieved by secretion or membrane bound expression of the (J- 
lactamase enzyme and active dmg may then diffuse and exert its effect in 
neighbouring cells. This so-called "neighbouring cell kilP can provide a significant 
increase In the therapeutic effect. 

To be capable of secretion through the cell membrane, an enzyme should possess a 
signal sequence at the amino temiinus either because it is a secreted enzyme wrth a 
naturally occurring signal sequence or because the chimaera expressing the enzyme 
has been engineered such that the expressed enzyme has an additional ammo acid 
sequence which possesses the properties of a signal sequence. Such signal 
sequences are well known in the art and include those indicated or denvable from 
Nothwehr et at. J. Biol. Chem.. 265. 21797-21803 (1990). Nothwehr and Gordon. J. 
Biol. Chem.. 265 17202-17208 (1990) and Kohara etal, FEBS Letters, 311. 226-230 
(1992) and the references contained therein. 

In order to achieve membrane bound expression of the ^-lactamase enzyme, the 
molecular chimaera should also include at a suitable position DMA sequence encoding 
a membrane anchoring peptide. Such peptides may be derived, for example, from 
proteins with C-temiinal domains substituted with phospholipid anchors. Such 
proteins include Thy-1 (Low et a/. Nature. 318. 62 (1985) and Tse et a/, Sdence. 230. 
1003 (1985)). the variant surface glycoproteins (VSGs) of African trypanosomes 
(Ferguson et a/. J. Biol. Chem.. 260. 1457 (1985)). acetylcholinesterase (Futerman et 
al Biochem J..226. 369 (1985)). ^-nucleotidase (Low et a/. Bkjchim. Biophys. Acta. 
508 565 (1978)) as well as DAF (Davitz ef al. J. Exp. ^Aed.. 163. 1150 (1986) and 
Medof et al. Biochemistry. 25. 6740 (1986)) or proteins known to contain 
glycophospholipid anchors including acetylcholinesterase (Schumacher ef al. Nature. 
319 407-109 (1986)). Thy-1 (Seki et al. Nature. 313, 485^87 (1985). Moriuchi ef al. 
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FEBS Letters, 178, 105-108 (1985)). VSG {T. brucei) (Cross et at, Philos. Trans. R. 
Soc. London, Ser. B, 307, 3-12 (1984))and alkaline phosphatase (Weiss et al, Proc. 
Natl. Acad. Sci. USA, 83, 7182-7186 (1986)). For general reviews on such 
polypeptides see Low. Biochem. J.. 244, 1-13 (1986) and Low et al, TIBS. 11, 212-215 
5 (1986). 

In the molecular chimaera according to the invention, the coding sequence is under 
the control of a transcriptional regulatory sequence (TRS) comprising at least a 
promoter and preferably an enhancer, each of which may either be capable of non- 
10 specific expression independent of the type of cell in which expression is occurring or 
may exhibit a selectivity of expression dependent upon the cellular environment. 
Preferred TRSs are non-specific, potent promoter/enhancer combinations such as 
cytomegalovirus promoter/enhancer, SV40 promoter/enhancer and retroviral long 
temninal repeat promoter/enhancer. Other preferred TRSs include those of p-actin. 
15 glyceraldehyde-S-phosphate and tubulin. 

Also preferred are TRSs exhibiting cell-type dependent, for example, tissue specific or 
tumor specific, expression in which case the selection of the TRS, in particular the 
promoter and enhancer sequence, will depend on the targetted cell type. Examples 

20 include the albumin (ALB) and alpha-fetoprotein (AFP) TRS for nonnal hepatocytes 
and transformed hepatocytes respectively, the TRS for carcinoembryonic antigen 
(CEA) for use in transfomned cells of the gastrointestinal tract, lung, breast and other 
tissues: the TRS for tyrosine hydroxylase, choline acetyl transferase or neuron specific 
enolase for use in neuroblastomas, the TRS for glial fibro acidic protein for use in 

25 glioblastomas and the TRS for insulin for use in tumours of the pancreas. Further 
examples include the TRS specific for gamma-glutamyltranspeptidase for use in 
certain liver tumours and dopa decarboxylase for use in certain tumours of the lung. 
The present invention is also useful in treatment of ovarian cancer, colon cancer, 
breast cancer, prostrate cancer and melanomas. 

30 

In addition the TRS for certain oncogenes may be used as these are expressed 
predominantly in certain tumour types. These include the HER-2/neu oncogene TRS 
which is expressed in breast tumours and the TRS specific for the N-myc oncogene 
for neuroblastomas. 

35 



SUBSTTTUTE SHEET (RULE 26) 
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The ALB and AFP genes exhibit extensive homology with regard to nucleic add 
sequence, gene structure, amino acid sequence and protein secondary folding (for 
review see Ingram et al Proc. Natl. Acad. Sci. (USA) 78, 4694-4698 (1981)). These 
genes are independently but reciprocally expressed in ontogeny. In normal 
5 development ALB transcription is initiated shortly before birth and continues 
throughout adulthood. Transcriptionat expression of ALB in the adult is confined to the 
liver. AFP is normally expressed in foetal liver, the visceral endodenn of the yolk sac 
and the foetal gastrointestinal tract, but declines to undetectable levels shortly after 
birth and is not significantly expressed in nonpathogenic or non-regenerating adult 

10 liver or in other normal adult tissues. However, AFP transcription in adult liver often 
increases dramatically in hepatocellular carcinoma (HCC). In addition, transcription 
may also be elevated in non-seminomatous and fixed cardnoma of the testis: in 
endodermal sinus tumours in certain tertorcardnomas and in certain gastrointestinal 
tumours. Liver-specific expression of AFP and ALB is the result of interactions of the 

15 regulatory sequences of their genes with trans-activating transcriptional factors found 
in nudear extracts from liver. The AFP and ALB TRSs are preferred for generating 
hepatoma-specific or general liver-specific expression respectively of molecularty 
combined genes since the AFP and ALB genes are regulated at the transcriptional 
level and their mRNAs are among the most abundant polymerase II transcripts in the 

20 liver. 

Several mammalian ALB and AFP promoter and enhancer sequences have been 
identified (for review see Genes and Develop 1, 268-276 (1987): Sdence. 235, 53-58 
(1987): J. Biol. Chem. 262, 4812-4818 (1987)). These sequences enable the 
25 selective and specific expression of genes in liver hepatocytes (normal and 
transformed) and hepatomas respedivety. 

Similar to the regulatory structure of the ALB gene the regulatory elements of the AFP 
genes promote tissue-specific expression in certain liver pathologies, such as HCC 

30 (Mol. Cel. Biol. 6. 477-487 (1986): Sdence. 235, 53-58 (1987)). The regulatory 
elements of a mammalian AFP gene consist of a specific 5' promoter proximal region 
(located in some mammalian spedes between 85 and 52 bp 5" to the gene). This 
sequence is essential for transcription in hepatomas. In addition there are upstream 
(5') regulatory elements well defined for the murine AFP gene which behave as 

35 classical enhancers (Mol. Cel. Biol. 6, 477-487 (1986): Sdence, 235, 53-58 (1987)). 
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These upstream regulatory elements are designated elements I, II and III and are 
located between 1,000 to 7,600 bp 5' to the transcription initiation site for the AFP 
murine gene. These three enhancer domains are not functionally equivalent at 
generating tissue-spedfic expression of AFP. Elements I and II have the greatest 
5 capacity to direct Ih/er-speclfic expression of AFP. It is important to note that the 
regulatory sequences of the alpha-fetoprotein gene advantageously contain the 
sequences not only for tissue-specific transcriptional activation but also for repression 
of expression in tissues which should not express AFP. In a similar fashion the 
regulatory regions of the human alpha-fetoprotein gene have been characterised (J. 
10 Biol. Chem. 262. 4812-4818 (1987)). A structural gene placed in the con-ect 
orientation 3' to the AFP regulatory sequences will enable that structural gene to be 
selectively expressed in fetal liver hepatomas, non-seminamatous carcinomas of the 
testis, certain teratocardnomas, certain gastrointestinal tumours and other nomial and 
pathological tissues which spedficaliy express AFP. 

15 

The promoter and enhancer sequences preferably are selected from the TRS for one 
of albumin (ALB), alphafetoprotein (AlfP), cardnoembryonic antigen (CEA) (J. DMA 
Sequencing and Mapping, Vol 4, 185-196), tyrosine hydroxylase, choline acetyl 
transferase, neuron-specific enclase, glial fibro add protein, insulin or 
20 gamaglutamytranspeptidase, dopadecarboxylase, HER-2/neu or N-myc oncogene or 
other suitable genes. Most preferably the TRS for ALB or AFP are used to direct liver 
specific or hepatoma specific expression respectively. 

In preferred embodiments of the present invention the molecular chimaera is 
25 selectively expressed in a target cell population. Hiis may be taken to mean that the 
chimaera is expressed at a higher level in the target than in the non-target cell 
population and is preferably expressed predominantly or exclusively in that population. 
Selective expression may be adiieved by indusion of a target-ceil specific TRS 
(promoter with or without enhancer) as described above or may be a product of the 
30 method of delivery of the chimaera to the target cell. Methods capable of providing 
target cell specific delivery of the chimaera. with subsequent stable integration and 
expression, include the techniques of caidum phosphate transfection. electroporation, 
microinjection, liposomal transfer, ballistic barrage or retroviral infection or infection 
using adenovirus or adeno-associated vims. For a review of this subject see 
35 Biotechniques 6(7) (1988). 



wo 97/19180 



PCT/GB96/02845 



8 



Such selectivity may be obtained by a variety of such techniques. Physiologically 
localised delivery of the chimaera for the target cells will reduce the possibility of non- 
target cells expressing the chimaera. This may be achieved when for example using 
retroviral or liposome mediated delivery and would involve direct injection to a blood 
5 vessel known to supply the target cells. Selectivity may also be obtained using 
retroviral mediated chimaera delivery in the therapy of hyperproliferative disorders. 
Retroviruses only infect dividing cells and would therefore only Introduce chimaeras to 
dividing cells. Liposome technology permits the delivery of the chimaera contained 
therein to be targetted to a particular cell type based on appropriate modifications 

10 made to the liposome coat stnjcture. In a prefen-ed embodiment according to the 
present invention, a number of such methods for obtaining selectivity will be combined 
to improve the fidelity of selective expression. For example in the treatment of 
hepatocellular carcinoma, the chimaera may comprise TRSs derived from liver-specific 
gene promoters such as ALB or AFP, and mil be delivered in a retrovirus directly to 

15 the hepatic artery. Hence a three-fold level of specificity will be obtained, firstly by the 
localised delivery which ensures that effectively all ttie retroviruses infect liver cells, 
secondly by use of a retrovims which only infects dividing carcinoma cells and thirdly 
by liver-specific expression of the TRSs. 

20 One particular method according to the present invention for obtaining selective 
expression of a molecular chimaera of the present invention delivered using a 
retrovirus is accomplished by promoting selective infection of liver cells. This 
technique involves the retroviral env gene present in the padtaging cell line which 
defines the specificity for host infection. The env gene used in constructing the 

25 packaging cell line is modified to generate artificial infective virions that selectively 
infect hepatocytes. As an example a retroviral env gene introduced into the packaging 
cell may be modified in such a way that the artificial infective virion's envelope 
glycoprotein selectively infect hepatocytes via the specific receptor mediated binding 
utilised by the hepatitis B virus (HBV). HBV primarily infects hepatocytes via specific 

30 receptor mediated binding. The HBV proteins encoded by the pre-SI and pre-S2 
sequences play a major role in the attachment of HBV to hepatocytes (see Hepadna 
Vimses edited Robinson et al 189-203. 205-221 (1987)). The env gene of the 
packaging cell is modified to include the hepatocyte binding site of the large S HBV 
envelope protein. Such modifications of the env gene introduced into the packaging 
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cell may be performed by standard molecular biology techniques well known in the art 
and will facilitate viral uptake in the target tissue. 

In the methods of obtaining selective activation which comprise target ceil specific 
5 delivery systems, the TRS need not be target cell specific and TRSs derived from 
genes such as p-actin, glyceraldehyde-3-phosphate and cytomegalovirus (e.g. 
immediate early gene) (see Huber, a/ Cancer Research, 53, 4619-4626 (1993) and 
references therein) may be used. 

The molecular chimaera of the present invention may be made utilising standard 
10 recombinant DMA techniques. Thus the coding sequence and polyadenylatton signal 
of for example the cytosine deaminase gene is placed in the proper 3' orientation to 
the ALB or AFP TRS. These molecular chimaeras enable the selective expression of 
cytosine deaminase In cells virhich nomialiy express from ALB or AFP TRSs 
respectively. 

15 As described in more detail below, molecular chimeara have been constructed for 
secretion, intracellular expression and transmembrane expression of p-lactamase in a 
mammalian cell. DNA sequences from.these constructs are set out in SEQ IDs Nos 3, 
5 and 9 respectiv^y. 

20 Accordingly there is also provided a method of constructing a molecular chimaera 
comprising operatively linking a DNA sequence comprising a TRS capable of being 
activated in a mammalian cell to a DNA sequence encoding a p-lactamse enzyme 
capable of expression in a mammalian cell. 

25 According to one embodiment the present invention provides a molecuiar chimeara as 
defined above wherein the sequence providing for intracellular expression of the p- 
lactamase enzyme is at least 80% homologous to that of SEQ ID NO 5. Preferably the 
sequence providing for intracellular expression of the p-iactamase enzyme has the 
sequence of SEQ ID NO 5. 

30 

According to another embodiment the present invention provides a molecular 
chimeara as defined above wherein the sequence providing for secretion of the p- 
lactamase enzyme is at least 80% homologous to that of SEQ ID NO 3. Preferably 
the sequence providing for secretion of the p-lactamase enzyme has the sequence of 
35 SEQ ID NO 3. 
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According to a ^rther embodiment the present invention provides a molecular 
chimeara as defined above wherein the sequence providing for membrane bound 
expression of the p-lactamase enzyme ia at least 80% homologous to that of SEQ ID 
NO 9. Preferably the sequence providing for membrane bound expression of the p- 
5 lactamase enzyme has the sequence of SEQ 10 NO 9. 

The technique of retroviral infection of cells to integrate artificial genes employs 
retroviral shuttle vectors which are known In the art (see for example Mol. and Celt 
Biol. 6, 2895-2902 (1986)). Essentially retroviral shuttle vectors are generated using 

10 the DNA fomfi of the retrovirus contained in a plasmid. These plasmids also contain 
sequences necessary for selection and growth in bacteria. Retroviral shuttle vectors 
are constructed using standard molecular biology techniques well known in the art. 
Retroviral shuttle vectors have the parental endogenous retroviral genes (e.g. gag, pol 
and env) removed and the DNA sequence of interest inserted, such as the molecular 

15 chimaeras which have been described. They however contain appropriate retroviral 
regulatory sequences for viral encapsidation, proviral insertion into the target genome, 
message splicing, temitnation and poiyadenylation. Retroviral shuttle vectors have 
been derived from the Moloney murine leukaemia virus (Mo-MLV) but it will be 
appreciated that other retroviruses can be used such as the closely related Moloney 

20 murine sarcoma virus. Certain DNA viruses may also prove to be useful as a delivery 
system. The bovine papilloma vims (BPV) replicates extrachromosomally so that 
delivery system based on BPV have the advantage ttiat the delivered gene Is 
maintained in a nonintegrated manner. Adenoviruses and adeno-associated viruses 
may also be used. 

25 

Thus according to a further aspect of the present invention there is provided a 
retroviral shuttle vector containing a molecular chimaera as hereinl>efore defined. 

The advantages of a retroviral-mediated gene transfer system are the high efficiency 
30 of the gene delivery to the targeted tissue sequence specific integration regarding the 
viral genome (at the 5' and 3' long terminal repeat (LTR) sequences) and little 
rean-angements of delivered DNA compared to other DNA delivery systems. 

Accordingly in a prefen'ed embodiment of the present invention there is provided a 
35 retroviral shuttle vector comprising a DNA sequence comprising a 5' viral LTR 
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sequence, a cis acting psi encapsidation sequence, a molecular chimaera as 
hereinbefore defined and a 3' viral LTR sequence. 

In a preferred embodiment and to help eliminate non-target-specific expression of the 
5 molecular chimaera, the molecular chimaera is placed in opposite transcriptional 
orientation to the 5' retroviral LTR. In addition a dominant selectable marker gene may 
also be included which is transcriptionally driven from the 5' LTR sequence. Such a 
dominant selectable marker gene may be the bacterial neomydn-resistance gene 
NEO (aminoglycoside-S-phosphotransferase type II) which confeis on eukaiyotic cells 
10 resistance to Vne neomycin analogue G418 sulphate (Genetictn - trade marie). The 
NEO gene aids in the selection of packaging cells which contain these sequences. 

The retroviral vector used may be based on the Moloney murine leukaemia virus but it 
will be appreciated that other vectors may be used. Such vectors containing a NEO 
IS gene as a selectable maricer have been described, for example, ttie N2 vector 
(Science, 230, 1395-1398(1985)). 

A theoretical probtem assodated with retroviral shuttle vectors is the potential of 
retroviral long temiinal repeat (LTR) regulatory sequences transcriptionally activating a 

20 cellular oncogene at the site of integration in the host genome. This problem may be 
diminished by creating SIN vectors. SIN vectors are self-inactivating vectors which 
contain a deletion comprising the promoter and enhancer regions in the retroviral LTR. 
The LTR sequences of SIN vectors do not transcriptionally activate 5 or 3 genomic 
sequences. The transcriptional inactivatbn of the viral LTR sequences diminishes 

25 insertionai activation of adjacent target cell DNA sequences and also aids in the 
selected expression of the delivered molecular chimaera SIN vectors are created by 
removal of approximately 299 bp in the 3 viral LTR sequence (Biotechniques, 4, 504- 
512 (1986)). 

30 Thus preferably the retroviral shuttle vector of the present invention are SIN vectors. 

Since the parental retroviral gag pol and env genes have been removed from these 
shuttle vectors a helper virus system may be utilised to provide the gag pol and env 
retroviral gene products trans to package or encapsidate the retroviral vector into an 
infective virion. This is accomplished by utilising specialised "packaging" cell lines 

35 which are capable of generating infectious synthetic virus yet are deficient in the ability 
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to produce any detectable wild-type virus. In this way the artificial synthetic virus 
contains a chimaera of the present invention packaged into synthetic artificial 
infectious virions free of wild-type helper virus. This is based on the fact that the 
helper virus that is stably integrated into the packaging cell contains the viral structural 
5 genes but is lacking the psi site and ds acting regulatory sequence which must be 
contained in the viral genomic RNA molecule for it to be encapsidated into an 
infectious viral particle. 

Accordingly the present invention provides an infective virion comprising a retroviral 
10 shuttle vector as hereinbefore described said vector being encapsidated within viral 
proteins to create an artificial infective replication-defective retrovirus. 

In addition to removal of the psi site additional alterations can be made to the helper 
virus LTR regulatory sequences to ensure that the helper virus is not packaged in 
15 virions and is blocked at the level of reverse transcription and viral integration. 

Alternatively helper vims structural genes (i.e. gag pol and env) may be individually 
and independently transferred into the packaging cell line. Since these viral structural 
genes are separated within the genome of the packaging cell, there is little chance of 
20 covert recombinations generating wild-type virus. 

In a further aspect of the present invention there is provided a method for produdng 
infective virions of the present invention by delivering the artifidal retroviral shuttle 
vector comprising a molecular chimaera of the invention as hereinbefore described 
25 into a packaging cell line. 

The packaging cell line may have stably integrated within it a helper vims lacking a psi 
site and other regulatory sequence as hereinbefore described or altematively the 
packaging cell line may be engineered so as to contain helper virus structural genes 
30 within its genome. 

The present invention further provides an infective virion as hereinbefore described for 
use in therapy particularty for use in the treatment of cancer and more particulariy for 
use in the treatment of hepatocellular cardnoma, non-seminamatous carcinoma of the 
35 testis, certain teratocarcinomas and certain gastrointestinal tumours. 
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The infective virion according to the invention may be formulated by techniques well 
known in the art and may be presented as a formulation with a pharmaceutically 
acceptable earner therefor. Pharmaceutical acceptable carriers in this instance may 
comprise a liquid medium suitable for use as vehicles to Introduce the infective virion 
5 into the patient. An example of such a carrier is saline. The infective virion may be a 
solution or suspension in such a vehicle. Stabilisers and antioxidants and or other 
excipients may also be present in such pharmaceutical formulations which may be 
administered to a mammal by any conventional method e.g. oral or parenteral routes, 
in particular the infective virion may be administered by intra-venous or intra-arteriai 
10 infusion, in the case of treating HCC intra-hepatic arterial infusion may be 
advantageous. 

Accordingly the invention also provides phamiaceutical formuiat'ons comprising a 
molecular chimaera of the present invention contained within one of, an infective virion 
15 or a liposome or a packaging cell mix, in admixture with a pharmaceutically acceptable 
carrier, and phannaceutical fonnulations comprising a molecular chimaera virion, 
vector, liposome or packaging cell mix of the present invention in admixture with a 
pharmaceutically acceptable carrier. 

20 Additionally the present invention provides methods of making phamiaceutical 
fonnulations as herein described comprising mixing an artifidal infective virion 
containing a molecular chimaera with a pharmaceutically acceptable carrier. 

The invention also includes the use of any molecular chimaera. vector, virion, 
25 liposome or pharmaceutical fbmiulatbn of the present invention in human therapy and 
in the manufacture of a medicament for use in the treatinent of pathological states. 

The invention also includes methods of medical therapy comprising the use of any 
molecular chimaera, vector, virion, liposome or pharmaceutical fomiulation of the 
30 present invention. 

Also included within the scope of the present invention is a protein encoded by a 
molecular chimaera of the present invention and any combination of such a protein 
and a prodrug which can be catalysed by the enzyme component of that protein. 

35 
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The precise dosage to be administered to a patient will ultimately be dependent upon 
the discretion and professional judgement of the attendant physician and will be a 
product of the particular targetting mechanism chosen. References contained herein 
to the efficiency of targetting of retroviruses, liposome etc. may be used to determine 
5 appropriate dosage levels. 

The amounts and precise regime in treating a mammal, will of course depend on a 
number of Actors including the type and severity of tiie condition to be treated. 
However, for hepatocellular carcinoma an intrahepatic arterial infusion of the artificial 
1 0 Infective virion at a t'rtre of between 2 x 1 0* and 2 x 1 0\ for example 5 x 1 0^, 8 x 1 0^ 2 
X 10^ 5 X 10^ or 8 X 10^ . colony forming units per ml (CFU/ml) infective virions is likely 
to be suitable for a typical tumour. Total amount of virions infused will be dependent 
on tumor size and would probably be given in divided doses. 

1 5 The dose of prodrug will advantageously be in the range of 0.1 to 250mg per kilogram 
body weight of recipient per day, prefierably 0.1 to 100 mg per kilogram bodyweighL 

The present Invention further pnavides a method of treating cancer, a viral infection or 
an inflammatory condition which comprises administering an effective amount of 
20 chimeara, vector, packaging cell line or infective virion according to the invention. 

The viral infection includes, for example. HIV. HBC. HCV and herpes family vims. 

25 The invention is illustrated by the following examples in which reference is made to the 
accompanying drawings. In the drawings: 

Figure 1 shows cellular location of p-lactamase activity in mammalian cells transfected 
with p-lactamse constructs; 

30 

Example 

(i) Cloning of E. coll p-Lactamase for Human Cell Expression 

We have constructed unique DNA constructs containing the bacterial p-lactamase 
35 gene which, when delivered to human cells, result in expression of functional p- 
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lactamase. The advantages of P-lactamase as a prodaig activating enzyme are 1) 
the enzyme is kinetically very efficient and 2) because of a unique activation 
mechanism, a prodrug of virtually any drug can be made as an efficient substrate for 
the enzyme. The implications of this to cancer therapy is that it pennits the use of 
5 combination prodrug therapy to counter resistance phenomena as well as allows one 
to choose drugs appropriate to the tumor target For example, to target lung cancer, 
prodrugs of methotrexate (5798W93) and 5-fluorouracil (1614W94) have been 
synthesized, p-lactamase constructs have been created which give rise to secreted, 
intracellular and membrane-anchored fomris. 

10 

(ii) Construction of Secretory p-tactamase Constructs 
To create a DNA constmct which would express secretory P-Iactar7iase in human 
ceils, the coding region of TEM p-lactamase (Sykes and Matthews. J. Antimicrob. 
Chemo.. 2. 115-157 (1976); Ambler and Scott. Proc. Natl. Acad. Scl. USA. 75. 3732- 

15 3736 (1978)) was used. Since it existe in the periplasm of bacteria, the unmodified 
coding region of TEM p-lactamase contains a signal peptide (Sutdiffe. Proc. Natl. 
Acad. Sd. USA, 75, 3737-3741 (1978)). Sequences useftjl for the cloning and 
expression of this gene in a eukaryote were added to flanking sequence during PCR 
by including the sequences in the PCR primers. The sequence of the fonvard primer 

20 (JM1)was 

S-TTGCATAAGCTTGCCACCATGAGTATTCAACATTTCCGTGTC (42-mer) (SEQ ID 
NO 1 ). The sequence of the reverse primer (JM2) was 

5'-GATCTGTCTAGATTACCAATGCTrAATGAGTGAGGC (36-mer) (SEQ ID NO 2). 
The fonvard primer contains a Hind III restriction site (AAGCTT) for subsequent 
25 cloning of the PCR product, and a sequence (GCCACC) which confers optimal 
translation effciency in vertebrates (Kozak, J. Cell Biol. 115. 887-903 (1991)) 
immediately 5-prime to the initiator methionine codon (ATG) of the p-lactamase coding 
region. The reverse primer contains an Xba I restrictton site (TCTAGA) adjacent to the 
stop codon (T AA) of the p-lactamase coding region. 

30 

The PCR reaction was carried out for 25 cycles using standard conditions and using 
Vent DNA Polymerase (New England Biolabs, Inc., Beverty, MA. USA) in 4 mM 
MgS04 and 200 ^M of each dNTP and 1 pmol/nl fonvard and reverse primers. PCR 
thermal cycling conditions were 95°C. 1 min; eO'C. 1 min; 75*'C, 1 min. 25 cycles then 
35 75''C, 5 min. The approximately 800 base pair PCR product was gel-purified using the 
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Glass-Max kit (Life Technologies, Inc., Gaithersburg, MD, USA). The purified PGR 
product was restriction digested with Hind III and Xba I, re-purified by gel 
electrophoresis, and ligated into the multiple cloning site of the pRc/CMV vector 
(InVitrogen, Inc., San Diego. CA). The orientation of the p-lactamase insert in this 
5 vector places the p-lactamase gene under the transcriptional regulation of the 
intermediate/eariy CMV promoter as well as followed a bovine growth homione 
poly(A) addition signal. The sequence of the construct (designated pCMV-BL) is 
shown in SEQ ID NO 3 along with the amino acid sequence of inserted secretory p- 
lactamase. 

10 

(Hi) Construction of Intracellular P-lactamase Constructs 

To CTeate a DNA construct for expression of intracellular p-lactamase in human, 
modifications to the terminus of the p-lactamase gene in pCMV-BL were earned out 
using PGR. The fonMard primer (JM30) for these reactions consisted of the sequence 

1 5 5'-TTGGATAAGGTTGCCAGCATGGAGGGAGAAAGGGTGGTG (39-mer) (SEQ ID NO 
4). This fonward primer consists of a Hind III restriction site (AAGCTQ, a concensus 
site for optimal traslation effidency (GGGAGG) in vertebrates (Kozak, 1991 supra) 
and an ATG initiator codon immediately adjacent to the sequence representing the 
mature amino-temiinus of TEM p-lactamase (Sutdiffe, 1978 supra). When used in a 

20 PGR reaction In combination with the JM2 reverse primer described above, the 
resulting PGR product would contain a deleted signal peptide and a new initiator 
methionine codon adjacent to the mature coding region of p-lactamase. This PGR 
reaction was canied out using PGR conditions identical to those described for pCMV- 
BL, except that JM30 was substituted for JM1. 

25 

The approximately 700 base pair PGR product was gel-purified using the Glass-Max 
kit (Life Technologies, Inc., Gaithersburg, MD, USA). The purified PGR product was 
restriction digested with Hind III and Xba I, repurified by gel electrophoresis, and 
ligated into the multiple cloning site of the pRc/GMV vector (InVitrogen, Inc.. San 
30 Diego, CA, USA) as described above for pCMV-BL. The sequence of the construct 
(designated pGMV-ABL) is shown in SEQ ID NO 5 along with the amino add 
sequence of inserted intracellular p-lactamase. 

(iv) Construction of Membrane-Bound P-lactamase Constructs 
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A membrane-bound fomi of p-lactamase would be useful in prodmg therapies since 
the enzyme is active and does not diffuse from the site of expression and since the 
external activation of prodrug guarantees bystander effects of the activated drug. This 
chimeric enzyme may also have potential as a potent immunostimulatory molecule 
5 since the membrane location of the protein may enhance its presentation on MHC 
Class II molecules. 

To create a ONA constmct which would express ^lactamase inserted in the external 
portion of the cell membrane in human, a membrane-spanning domain was 

10 appended to the carboxy-terminus of the secretory p-lactamase coding region con- 
tained in pCMV-BL. The membrane sequence was derived from the human C mu IgM 
heavy chain gene (Dorai, Nud. Adds Res., 17, 6412 (1989)). This was done by fusing 
a 300 base pair sequence representing the human IgM membrane-spanning domain 
(from plasmid IgM/TM/PCRil which contains exons Ml and M2 separated by a single 

15 intervening sequence) in-frame to the caiboxy-terminus of the secretory p-lactamase 
gene. 

The first step in this process was to delete the termination codon in the p-lactamase 
sequence contained in pCMV-BL This was done by PGR amplification of the insert 
20 using the fonward primer JM1 (see above) in combination with the reverse primer 
MEM1. MEM1 consists of the sequence 

5'-TGACAATCTAGAGAGGGGGAGGTGAGCGCCGACGA6 (36-mer) (SEQ ID NO 

6) . MEM1 contains sequence representing the carboxy-temninus of secretory p- 
lactamase excepting the translation termination signal (TAA) which is replaced by an 

25 Xba I restriction site. The hexameric Xba I sequence is in-frame wrtth the coding 
region of p-lactamase and represents a Ser-Arg amino acid sequence. This PGR 
product was amplified as described above, gel-purified, and doned into the Hind III 
and Xba I sites of pRc-CMV. This plasmid was designated pCMV-MEMI. 

30 To attach a carboxy-terminal membrane spanning domain, a 300 base-pair sequence 
from pIgM/TM/PCRII was amplified with oligos MEM2 and MEM3. MEM2 consists of 
the sequence 

5'-TGACAATCTAGAGAGGGGGAGGTGAGCGCCGACGAG (36-mer) (SEQ ID NO 

7) . MEMS consists of the sequence 
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5'-TGACAAGGGCCCCTCTGGTCTCCGATGTTCTTC (33-mer) (SEQ ID NO 8). 
MEM2 represents the amino-terminus of the IgM trans-membrane domain (beginning 
at nucleotide 489; GenBank Accession #X14939) flanked by an Xba I restriction site 
(TCTAGA). MEMS represents the carboxy-temilnus of the trans-membrane domain 
5 (ending at nucleotide 815; GenBank Accession #X14939) flanked by an Apa i 
restriction site (GGGCCC). These oligos were used to carry out PGR as described 
above and the approximatety 300 base-pair product was restriction digested, gel- 
purified, and cloned into the Xba I and Apa I sites of pCMV-MEMI. The sequence of 
the ccnstnict (designated pCMV-BLIgM) along with the amino acid sequence of 
10 inserted membrane-anchored ^lactamase is shown in SEQ 10 NO 9. 

(v) Detennination of Cellular Locations of Targeted p-Lactamase Protein 

Confirmation of the predicted locations of each of the p-lactamase constructs was 
carried out using transient ONA transfections in a mammalian cell line. Transfections 

15 were canied out by iiposome-mediated ONA delivery using lipofectamine (Life 
Technologies, Inc., Gaithereburg. MD, USA). Experiments were performed according 
to manufacturer's instructions, varying, the number of cells, amount of transfection 
reagent, and amount of ONA to determine optimum conditions. Typically, 60 x 15mm 
tissue culture plates containing approxiniately SxlO^tolxlO^ oells were employed. 

20 After transfections using either pGMV-BL, pCMV-dBL. or pCMV-BLIgM, transfected 
cells were resuspended in 50 mM Tris-CI (pH 7.4). 0.1 mM EDTA containing PMSF 
and leupeptin, swollen on ice for 10 min, then lysed using a Dounce homogenizer. 
After centrifugation at 800 x g for 6 min, supernatant (cytosoitc fraction) was 
recentriftiged at 30 psi for 20 minutes in a Beckman Airi^uge. Pellets from both 

25 centrifugations (which include membranes and nuclei) were combined. Each fraction 
was assayed for activity using the chromogenic substrate PADAC, added to a final 
concentration of 20 mM (Caibiochem, Corp.). Absorbence at 570 nm was measured 
using the auto-rate assay of a Kontron Model 9310 spectrophotometer. To assess 
secreted p-lactamase levels, PADAC assays were carried out on the cell-free media 

30 after transfections. p-lactamase en2yme activity was measured using PADAC (- 
Caibiochem, Corp.) which serves as a chromogenic substrate of p-lactamase activity 
(Schindler and Huber, Enzyme Inhibitors. Brodbede. Ed., pp 169-176, Vertag Chemie, 
Weinheim (1980). A 500 |iM PAOAC stock was made in water, filtered through a 0,22 
fim filter, and added to media to give a final concentration of 20 ^M. Decreases in 
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absorbance at 570 nm were measured using the auto-rate assay of a Kontron UVA/is 
spectrophotometer. 

The data in Figure 1 show that at 48 hours after transfection with lipofectamine, large 
5 amounts of p-lactamase are secreted from cells transfected with pCMV-BL. The 
cellular activity seen with this construct is presumably the enzyme contained in 
secretory granules in the process of being exported. In contrast the activity seen 
using pCMV-ABL is completely localized to the cellular fraction. Based on tfie 
magnitude of this activity, we estimate that the enzyme from the secretory p-lactamase 
10 construct represents 5-10% of total cellular protein made per 24 hours per cell. The 
activity measured using the membrane construct was found almost exclusively in the 
membrane fractions. 

In order to diaracteiize the polarity of the active membrane form of p<iactamase. 

15 whole cell assays were carried out. Transient transfections of human lung 
adenocarcinoma with pCMV-BLIgM were earned out p-Lactamase activity was 
detected only if the assay media was. in contact v\nth the cells, indicating that the 
enzyme must be membrane-bound located on the exterior face of the membrane. 
Activity was not detected using the same method when a stable cell line expressing 

20 the intracellular fonn of p-lactamasc was used as a control, indicating that the 
substrate does not penetrate cells. 

To further confimi the localizatbn of the membrane-fonn of p-lactamase, stable lines 
were generated for use in immunohistochemistry experiments. To create stable lines, 

25 large-scale transfections in A549 cells were performed. Since pCMV-BL, pCMV-ABL. 
and pCMV-BLigM contain the neomycin'^ gene, stable lines could be selected after 
passaging the lines in media containing the antibiotic, G418. Clonal lines were 
derived which secrete p-tactamase (pCMV-BL7A549), lines which synthesize an 
intracellular p-lactamase (pCMV-ABL/A549), and fines which synthesize membrane- 

30 bound p-lactamase (pCMV-BLIgM/A549). Cells from each clone were used for 
immunohistochemistry using a primary rabbit anti-p-lactamase antibody followed by a 
fluorescein-labeled secondary goat anti-rabbit antibody. In this test, cells were not 
fixed prior to treating with the antibodies. Only the stable line expressing membrane- 
bound p-lactamase displayed fluorescent labeling above background levels (data not 

35 shown). 
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(vi) p-Lactamase Delivery to Cells Confers Sensitivity to Cephalosporin 
Prodrugs 

A. p-Lactamase efficiently activates 5798W93 and 1614W94 

5 Prodrugs of methotrexate (5798W93) and 5-fluorouracil (1614W94) represent the 
parent drugs linked to cephalothin. The kinetic parameters of prodrug activation were 
measured by incubating various concentrations of prodoig with purified p-lactamase 
followed by HPLC analysis to determine the rate of prodrug conversion. p-Lactamase 
efficiently activates both 5798V\ra3 and 1614W94 with a Ka/Kw (specificity constant) of 
10 272 and 67 sec"' mM"' . respectively. 

B. Combination of the p-Lactamase Gene with 5798W93 and 1614W94 Confers 
Toxicity 

We have evaluated the in vitro toxicity of the p-lactamase prodrugs in the presence 
15 and absence of the p-lactamase gene. Cytotoxicity was quantitated by detemiining 
ICsoS in treated A549 human lung adenocarcinoma cells using an SRB-based growth 
inhibition assay (Nair et al.. J. Med. Chem.. 32, 1277-1279 (1989)). 

In the absence of the p-lactamase gene, methotrexate was 10-foId more toxic than 
20 the methotrexate prodoig 5798W93, and fluorouracil was 20-fold more toxic than the 
fluorouracil prodrug 1614V\ra4 (Table 1). When A549 cells which contained stable 
integrated copie(s) of the secretory p-lactamase gene (A549-BL) were tested, 
methotrexate and its prodrug 5798W93 were equally toxic (Table 1). This experiment 
implies that the delivery of the p-lactamase gene to tumor cells will make them 
25 sensitive to cephalosporin prodrugs. 

The relatively small differential between the toxicity of methotrexate and 5-fluorouracil 
and their respective prodrugs in the absence of the p-lactamase gene was 
unexpected. This is because, for both parent drugs, the mechanism of action is well 

30 understood and the chemical modification made by attaching cephalothin to these 
compounds should clearly detoxify the daigs. For example, transport of methotrexate 
into cells depends on availability of the terminal glutamate moiety which is blocked in 
5798W93. Toxicity of 5-fluorouracil depends on the availability of the N1 group since 
this group is necessary for glycosidic bond formation and concomitant nucleoside 

35 formation. The N1 group is blocked in 1614W94. It is clear that the observed toxicity 
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of these prodrugs in vitro reflects some degree of chemical instability of the prodrugs 
which could result in significant breakdown of the prodrugs during the 72-hour 
incubation utilized in the ICso detenmination. 

5 Support for this notion comes from two lines of evidence. The first is that no toxidty is 
observed when either prodrug is given to mice at a dose equivalent to an L0,oo for the 
parental drug. TTie lack of tomdty in these cases is explained by the relatively short 
half life of the drug in vivo (t,/2 ~ 20 minutes) in contrast to the exposure of cells to the 
prodrug for 72 hours in vitro. 

10 

The second line of evidence is shown by direct measurement of in vitro toxidty by 
short-term assays (3 hour exposure of cells to prodrug). Using a sensitive assay for 
cell toxicity, a 6-{^H]-deoxyuridine based assay which measures inhibition of 
thymidylate synthase and DMA synthesis, we could measure toxicity over time as 
15 short as a three hour interval. During this shorter interval, the differential between 
prodrug and parent drug increased significantly (Table 2). These data are consistent 
with the idea that the prodrug toxicities reported in Table 1 result from chemical 
instability of the prodrugs over the long time-course (72 hours) of those experiments. 

20 (vi) Antitumor Evaluation of Secretory p4-dctamase in vivo Using Liposome- 
Mediated DNA Delivery 

Secretory p-lactamase and cytosine deaminase DNA constmcts were compared for 
antitumour effiects in mice bearing subcutaneous (s.c.) A549 human lung 
adenocarcinoma tumours. Results are shown in Table 3. Ptasmid DMA expression 

25 vectors encoding either cytosine deaminase (CD) or secretory p-lactamase (BL) under 
the transcriptional control of the non-specific CMV promoter were encapsidated in 
cationic liposomes (25^g DNA; 25 nmol liposomes). Mice bearing A549 s c. tumours 
were treated with five intratumoral injections of liposomal DNA. Prodrug therapy 
(1614W94 (50 mg/kg; i.p., qd x 5) or 5-FC (500 mg/kg; i.p., qd x 5) was initiated two 

30 days after DNA treatment. Inhibition of tumour growth was detemnined on day 47. 
Both CD and BL constructs resulted in similar antitumour activity in vivo. 1614W94 
administration resulted in about 60% inhibition of tumour growth (Table 3). 5-FC 
administration resulted in about 70% inhibition of tumour growth, whereas DNA 
liposomes alone and 5-FU alone (25mgykg. i.p., qd x 5) resulted in only about 20% 
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inhibition of tumour growth (Table 3). Thus, liposomal DNA/5-FU prodrug 
combinations resulted in s.c. tumour regressions. 

Secretory p-lactamase and cytosine deaminase DNA constaicts were also evaluated 
5 by intrathoracic (i.t.) injection of liposomal DMA into the pleural space of mice bearing 
tumors. Results are shown in Table 4. Mice bearing human large cell lung H460 i.L 
tumours received DNA encoding either CD or BL under the transcriptional control of 
the CMV promoter. DNA was dosed by i.L injection on days 6, 7. 12 and 13. 
Prodnjgs for the respective enzyme were dosed on days 7-16 (5-FC, 500 mg/kg; 
10 1614W94, 70 mg/kg; i.p., qd x 10). Animal survival was evaluated 30 days after 
tumour implantation. All nontreated mice and mice treated with 5-FU (30 mg/kg i.p., 
qd X 5) died from tumour by 30 days. CMV-BL/1614W94 treatment increased survival 
to 60%, and CMV-CD/5-FC treatment also inaeased the survival to 40% (Table 4). 
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Table 1 Cytotoxicity (SRB Assay) 

ICso 

A549 A549-BL 

Methotrexate 10 N.D. 

1 ^M. 3h 

5798W93 N.D. 
1 nM. 3h 

5-Fluorouracil 1-9 1-4 fxM 

1 yM, 5h 

1614W94 40 ^M 1-7 

1 ^M, 5h 

Table 2 Cytotoxicity (B-T'Hl-Deoxyuridine Assay) 
% Inhibition 

A549 A549-BL 

82± 4 88 ±6 



Methotrexate 
1 jiM. 3h 
5798W93 
1 mM, 3h 
5-Fluorouradl 
1 ^M, 5h 
1614W94 
1 ^M. 5h 



3±2 38±3 
95±8 91 ±10 

-2±3 33 ±6 
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Table 3 

Antitumour Effects of Secretory ^-Lactamase and Cytosine Deaminase Genes in 
Mice Bearing Subcutaneous A549 Human Lung Adenocarcinoma 



Therapy Group 



Tunour Volume 
(mm^) 



Percentage 
Inhibition (Relative 
to Control) 



Phosphate Buffered 
Saline (No DNA) 



1268 ±212 



CMV-BL and 
1614W94 



511 ±86 



60 



Ciy/IV-CD and 
5-Ruorocytosine 



380 ±237 



70 



5-Fluorouracil alone 



1021 ± 37 



19 
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10 



Table A 

Antitumour Effects of Secretory p-Lactamase and Cytosine Deaminase Genes in 
Mice Bearing Intrathoracic H460 Human Large Cell Lung Tumours 

Therapy lUlean Days of p Value Increased Life 

Group Survival Span (%) 

Phosphate 20 
Buffered Saline 
(No DNA) 

CMV-CD+ 23 0.245 15 

PBS 

CMV-CD + 5- 27 0.009 40 

Fluorocytosine 

CMV-BL+ 32 0.012 60 

1614W94 



NOTE: SEQUENCES ARE AS FOLLOWS: 
SEQ ID No 1 = JM1 SEQ ID NO 2 = JM2 

SEQ ID NO 3 = pCMV-BL SEQ ID NO 4 = JM30 
SEQ ID NO 5 = pCMV-ABLSEQ ID NO 6 = MEM1 
15 SEQ ID NO 7 = MEM2 SEQ ID NO 8 = MEMS 

SEQ ID NO 9 = pCMV-BLIgM] 
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SEQ ID No 3 - PCMV-BL 

?;tT^TGavrr?cx:GCGTTAC?.Ti=j>crrACGcn^^ 

TCXXSACTTIOTXCrTGGCRGTRaiTCTACro.TI^ 
aXTAGCGGTnXIACTCACGCXSa'TTrCCAAGT^^ 

Hindlll (683) 

^MetSet lleC 

ftAa^vnv»jjivivu-v.»:i'r ^ .ii \ :c cr;TZTJu :GGca .rmux ^ 

► I nHi sPheArgValAl ateuJ lePfoPhePheAl aAl aPheCysLeuProValPheAl aHi sProG uThr LeuVal LysVal LysAs 

Xmr 

► pAI ad uAspGI nLeuGI yAl aAroVal Gl yTy rl I eGl uLeuAspLeuAsnSer Gl yUys 1 1 eLeuGI uSer Pfie ArgProGi uGl u 

^A rgPheProNteiKtet SerThr PheLy sVal LeuLeuCysGI yAl aVal LeuSer ArgI I eAspAl ad yGI nGl uGi nLeuG) yA rgA 

Scat (999) 

SCATTlOiCTXTrCTCAG^ATS.V . ' J ' iU.- ' I 'I G .Vj^^ 

► f gl I eHi sTyrSer GlnAsnAspLeuValQuTyrSer ProValThrGI uLysHisteoThfAspayMatThrValArgGluLeuCy 

Pvul (ino) 

^-sSerAI aAt al I eThrKfet Ser AspAsfilhf Al aA) aAsnLeuLeuLeuTlJr 77ir I UGl yGI yProLysGI uLeoThr Al aPheLeu 

► Hi sAsnMet a yAspHi sVal Thr ArgLeuAspArgTrpGI uProQ uLeuAsnGt uAI all eProAsnAspGI uArgAspThrThrM 

► etProValAlaMelAI aThrThrLeuArgUysLeuLewThrGlyGluLeuLeu'nirLeuAl aSerArgGInO nLeul leAspTrpMe 
^ t Gl uAl aAspLysVal Al aGI yProLeuLeuArgSer Al aLeuProAi aGlyTrpPhe 1 1 eAI aAspLy sSer <3 yAl aGI yGI uArg 

► a ySer A rgGl y n el I eAI bAI aLeuGI yPfoAspQ yLysProSer A rgl I eVal Val 1 1 oTy rThr Thr O ySer Gl nAI aThr M 

Apal (1562) 
Xbal (1S5G) 

► etAspGI uArgAsnArgCa nl I eAI aGI ol I eGl yAl aSer Leul leLy sW sTrp* • • 

Pvull (1 

BamHI (1861) 

OtXCTCGAGGCXSGGATCCCCAOGCGCCCTGrAGCG©^^ 

GC: ^ 'IV XVr i TA QC3GTrCCGATIT M.nU:m ' A ^ 

EcoRI (2321) 

AGCATGCATCTCAATTAtnrAGCAACCaTAGriC^^ 
CGOCCCATCSCTGACTAATTTTTmATmTGCACAGGCXX:^^ 

Smal (2671) 

TnrcySACXXXrrAG QLTmu rAAAAAGCTCCCGG G aGC^^ 

Tcaxn\:;L-:viuATCxxGccGTcnTccaxTCT^ 

PstI (2909) Pvull (2964) 

TCavACTa:AGGACGAGGOiCXXX«XTATCGTGGCT^^ 
GCyjAGOGACTGGCTGCTATOXXXrGAAGTGOa^ 
CTGATCKlViT(Xt;GCGGCTCCATACGCTIt»TCCXXX^ 



wo 97/19180 



PCT/GB96/02845 



27 



(xsuiTtxxxritivxxxrrrccrori^ 

BamHI (3830) 

CIGTTTCCTCnxriXiW.TrGTT^TCC^^ 

PvutI (4029) 

CCRRCGCGCSS:=£VS;Gg LX; g n ' n^^ 
AC3U» fjl ' iCi ' :t~ .n (j7UG " UXX. 'T A XC^ 



Pvul (5467) 

Seal (SS78) 

Xmnl (5695) 

C(XGGCGK3tf.3vCGGGRTAAT^CX.xaSCC^ 
CTGCTCTCLVrGCCGCaTAGTT3AGCCag 

Nrul (6229) 
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GACGGATCGG3Aa£.TCTC<XGA7X:cCCTATGGTXX:ACrxr^^ 
CTarrTGTGTCITGGAGGTCGCTCACrrAC?^ 

Nrul <206) Spel (249) 

AGTAATCftATXACGCMGTCAriai&YltaiT^^ 

Ndel (483) 

SoaBZ (583) 

Hindlll (891) 

»-MBt Hi sProQ uThr LeuVal LysVal LysAspAl aGI uAspGi nLeuS yAl aA 

XmnI <1020) 

^rgV&IGIyTyrl I eQ uLeuAspLeuAsnSerQ yLysl 1 eLeuGI uSerPheArgProGluGI uArgPheProMelMetSarThrP 

^ heLy s Va i LeuLeuCysGl yAl aVa I LeuSer A rg 1 1 eAspAl aGI yGI nGI uQ nLeuGI yA rg Arg i I eHi sTy rSer (31 nAsnA 
Seal (1141) 

> spLfluVal & uTyrSer ProVal Thr (3 uLysHi sLeuThrAspGt yMetThr Val A rgGI uLeuCysSer Al aAl al I eThrMat S 

Pvul (1252) 

>■ erAspAsnThr Al aAl aAsnLeuLeuLeuThr Ihr 1 1 eCS yGI y PreLysGI uLeuThr Al aPbeLeuHi sAsnMat Gl yAspM sV 

TAACT000CTXt»VIO37IXXXj3UUC00GAGCTC3^^ 

alThr ArgLeuAspArgTrpGI uProGt uLeuAsnQuAlal leProAsnAspa uArgAspThrTDrMetProXtelAI aMstAI aT 
VhrThrLeuArgLysLeuLeuThrGlyGluLeuLeu'nirLeuAlaSerArgGlnCa nLeul leAspTrpMelOuAl aAspLysValA 

> I aGI yProLeuLouArgSer Al aLeuProAl aQyTrpPheileAl aAspLysSer Q yAl aQ yGI uArgGi ySer Argca y I lei 

^ I aAl aAl aLeuGI yProAspO yLysProSerArgI I eVal Vai 1 1 eTyrThrlhrGlySflrGI nAI aThrMetAspa uArgAsnA 

Apal (1704) 
Xbal (1698) 

^rgGtnll eAlaGt ul I eGlyAlaSerLeul leLyshfisTrp* • • 

Pvuil (1985) 

BamHI (2003) 

GGCaTC X XX A OGCt X XCTG TO CjOGC30(XATTR3^ ^ 

EcoRI (2463) 

GAAGTATCX3yUUSC3VIOCATCICAATD\GTC^^ 

TCXaTCTCAATI7VGTC3«X3UVCCATAGTCC^^ 

COCATGGCXGACTftATTriTITDVTTIATOCAG?^^ 

StuI (2789) Smal (2813) EcoRV (28 25) 

<XaTGATTCaUtf3Utf3ATCX»TIGCACGC ^ 
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PstI (3051) Pvu H (310 6) 

ATGAACTGCAGGAC!C3\QCX:AGCGCGGCTATO3TGGCTGGCCaCGAC^ 
CGGGAAGGGACTRSCTGCTATTCGCXXSAAiS^^ 
TGGCrcATGCAATCXXXXXX3CT(XATACGCTTCAT^^ 
CTIACTCGGATCGAAtaXGGTCTKnXXiATCAGGA^ 

BamHI (3972) 

TT\acTCxaTicrA(? r i x/ ix an 'i'j ^ ^ ^ 

PVUII (4 

CATCftCAftAaa3!CGACGCTOJ\GTC^^ 

GCGA(»iaT5IACX«»i< X 'i a CAGai ji ' IX. ^ ^ 
CrrGCTCAftGCX3U3TiaCCTIX»^^ 

OGiutayeocROSciCftC0GGCi<xacaiTT A iic^^ 

PvuJ (5609) 

OOCA UOaUlJiXj CRAftAaaGOGGTTn fiC nCCTTDOGTO^^ 

Seal (5720) 

ATGGCaGCACTCCAT3Arxr i X.VI A CTCnCRlXX^^ 

XmnI (5837) 
AACTCATCTTCJiGCarcrTTTACTl^^ 
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SEQ ID No 9 - FCKV-BLIgM 

CTcxTTGrorcrrnxaGSTccxr^^ 

Nnil (206) Spel (249) 

Ndel (<83) 

S3«3I (533) 

Hi nd III (89 1) 

^Mst Sar 1 1 «GI nK sPheArgVat Al aLeul I eProPtiePheAl aAl aPheCysL 

^ euProVal PheAl aHi sProQ uThr LeuV&l LysV^I LysAspAl aGI uAspd nLeuGl yAl aArgVal Gl yTy rl I ed uLeuA 

Xumi (1086) 

>• spLeuAsnSer Gl yLysl I eLeuGt uSer Phe ArgProd uGluArgPheProMstMe t Ser Thr PheLysVal LeuLeuCysGl yA 
Seal (1207) 

> I aVal LcuSar Argi I eAspAl aGI yGI nOt uQ nLeuGI yArgArgI I eKi sTyrSer Gl nAsnAspLeuValGi uTyrSar ProV 

>- al Thr O uLysHi sLeuTlirAspGI yMa tThr VaiArgG uLauCysSer Al aAl a 1 1 eThrMat SerAspAsnThr Al aAi aAsnL 

Pvu l (T31 8) 

T;wCTICIGn3JW0C3£?0GGRGGACOG3JtfiGM3C33U^ 
^ •iiL«uL«u7hr'nir 1 1 eGl yGI yProLysQ uLtHlbr Al sRieLeuhfisAsnMetGI yAapHi sVialTlir ArgLeuAspArgTrpG 

>■ I uProGI uLauAsnGt uAI a 1 1 «P roAsnAspGI itArgAspThr Thr Mb t ProVa I Ai aMa t Al aThr Thr Leu ArgLysL«uL«uT 

^hrGlyGI uLeuLeulhr LetiAl aSar ArgGI nGI nLaul I eAspTrpMatG uAI aAspLysVal At aGlyProLeuLauArgSar A 

^ I aLeuP roAl aGI y TrpPhe 1 1 eAI aAspLy sSer Gl yAl aGI yGI u ArgGI ySer A rgGI y 1 1 e 1 1 eAI aAl aLeuGi y ProAspG 

> lyUysProSerArglleVal Val I leTyrThrThrGtySerGnAlaThrMetAspGluArgAsnArgGI nl leAlaGiul leGlyA 

Xbal (1761) 

^ I aSsr Leu 1 1 eLy sHi sTrpSar ArgGI uGl yGI uVal Ser Al aAspGI uGl uGt yPheGl uAsnLeuTrpAi aThr Al aSer Thr P 
^^hel leValLeuPheLeuLeuSerLeuPheTyrSerThrThrValThr LeuPheLys 

> vaiLys* • • 

Apal (2094) 

Pvull (2375) BamHI (2393) 

EcoRI (2853) 

TAGCATTXyiTrACTrcTTrATAT«rrACTRTTCnTI^^ 

TCAC?mGC3GTC?IGGAAAGTCCCatf»CrCCC^^ 

GAAAGTCXCCACSGCtCCCCAOCAGGCAGAAGTATGCAAAGC^^ 
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Siol (3179) Smal (3203> BcoHV 
Pst\ (3441) 

3amHl (43S2) . x. , 

Pvull (4561) 

G cxrrGTC7xx a ccaa a.u:u. ij i ' n:j UjCCC3?uxxx^ 
ccrrioiicT'Tixns^scsKncraA^^ 

CGtSGAGGOri^-CCMXirTGSCCCG^GT^^ 

PVUl (! 

Seal (SnO) _ J J.- >r ^^. / v^ii,T^ 

XmnI (6227) 

TATTCAAGCATTTATOU^GCrmTTCnCTCATC^^ 
ACOTTCCCCaiAW\GTGCCVXTC»CCr^ i. 



wo 97/19180 



PCT/GB96A)284S 



32 



CLAIMS 

1. A molecular chimaera for use in therapy with a prodrug, the chimeara 
comprising a transcriptional regulatory DMA sequence capable of being activated in a 

5 targetted mammalian call and a DMA coding sequence operativeiy linked to the 
transcriptional regulatory DNA sequence and encoding a p-lactamase enzyme such 
that on expression of said coding sequence in the targetted cell, the p-lactamase 
enzyme is capable of catalysing conversion of the prodrug into an agent toxic to ttie 
targetted call. 

10 

2. A molecular chimaera according to claim 1 wherein \he transcriptional 
regulatory DNA sequence is tissue- or cancer>specific. 

3. A moelcular chimeara according to claim 1 or 2 wherein the transcriptional 
1 5 regulatory DNA sequence comprises a promoter. 

4. A molecular chimeara according to claim 3 wherein the transcriptional 
regulatory DNA sequence also comprises an enhancer. 

20 5. A molecular chimaera according to any of claims 1 to 4 wherein the 
transcriptional regulatory DNA sequence is selected from the transcriptional regulatory 
DNA sequences of the genes for albumin, alphafetoprotein. carcinoembryonic antigen, 
tyrosine hydroxylase, choline acetyl transferase, neuron specific enolase. glial fibro 
acid protein, insulin, gammaglutamyltranspeptidase, dope decartwxylase, HER2/neu, 

25 and N-myc. 

6. A molecular chimeara according to any of claims 1 to 5 wherein the targetted 
mammalian cell is a small cell lung carcinoma, non-small cell lung carcinoma, 
retinoblastoma, pheochromocytoma. medullary thyroid carcinoma, insulinoma, 
30 pituatary tumour, hepatoma, teratocarcinoma, gastrointestinal tumour call or a 
testicular non-seminamatous carcinoma. 



35 



7. A molecular chimaera according to any of claims 1 to 5 wherein the targetted 
mammalian cell is a virally infected cell. 
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8. A molecular chimeara according to daim 7 wherein the virally infected cell is 
infected with HIV. 

9. A molcular chimeara according to any of claims 1 to 8 which provides 
intracellular expression of the p-lactamase enzyme in the targetted call. 

10. A molecular chimeara according to claim 9 wherein the sequence providing for 
intracellular expression of the p-lactamase enzyme is at least 80% homologous to that 
ofSEQID NO 5. 

11. A molecular chimeara according to claim 1 0 wherein the sequence providing for 
intracellular expression of the p-lactamase enzyme has the sequence of SEQ ID NO 
5. 

12. A molecular chimeara according to any of claims 1 to 8 which provides for 
secretion of the p-lactamase enzyme such that the enzyme is capable of extracellular 
conversion of the prodrug into an agent toxic to the targetted cell. 

13. A molecular chimeara according to daim 1 2 wherein the sequence providing for 
secretion of the p-lactamase enzyme is at least 80% homologous to that of SEQ ID 
NO 3. 

14. A molecular chimeara according to daim 1 3 wherein the sequence providing for 
secretion of the p-lactamase enzyme has the sequence of SEQ ID NO 3. 

15. A molecular chimeara according to daim 12 which provides for membrane 
bound expression of the p-lactamase enzyme such that the enzyme is capable of 
extracellular conversion of the prodrug into an agent toxic to the targetted cell. 

16. A molecular chimeara according to claim 1 5 wherein the sequence providing for 
membrane bound expression of the p-lactamase enzyme ia at least 80% homologous 
to that of SEQ ID NO 9. 
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17. A molecular chimeara according to claim 16 wherein the sequence providing for 
membrane bound expression of the p-lactamase enzyme has the sequence of SEQ ID 
NO 9. 

18. A molecular chimaera according to any of claims 1 to 17 for use with a prodrug 
which is a conjugate of a cephalosporin and an agent toxic to the targetted call which 
is capable of being converted to the agent toxic to the targetted cell by the ^- 
iactamase enzyme. 

19. A molecular chimaera according to daim 18 wherein the agent toxic to the 
targetted call is methotrexate or 5-fluorouracil. 

20. A vector containing a chimaera as claimed in any of claims 1 to 1 9. 

21 . A packaging cell line containing a vector as claimed in claim 20. 

22. An infective virion generated from a packaging cell line as claimed in daim 21. 

23. An infective virion according to claim 22 which is a retrovirus, an adenovirus or 
an adeno-associated virus. 

24. A packaging cell line capable of producing an infedive virion as claimed in 
claim 23. 

25. Use of an infective virion according to daims 22 or 23 for the manufacture of a 
medicament for use in therapy wherein the therapy comprises the seledive infection of 
a targetted mammalian cell using retroviral infection, adenoviral infection or adeno- 
associated viral infection, physically localised delivery or engineered viral coat 
proteins. 

26. A phamiaceutical formulation comprising a molecular chimaera as claimed in 
any of claims 1 to 19. a vector as claimed in claim 20, a packaging cell line as claimed 
in daim 24 or an infective virion as claimed in daim 22 or 23. 
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27. Use of a molecular chtmaera according to any of claims 1 to 19 for the 
manufacture of a medicament for use in therapy wherein the therapy comprises 
administering said molecular chimaera by a method selected from calcium phosphate 
transfection, electroporation, microinjection, liposomal transfer, ballistic barrage, 

5 retroviral infection and adeno or adeno-asscciated vims infection. 

28. A method of treating cancer, a virai inflection or an inflammatory condition which 
comprises administering to a mammal an effective amount of a chimaera. as claimed 
in any one of claims 1 to 19. a vector as daimed in claim 20, a packaging cell line as 

1 0 claimed in claim 24 or an infective virion as claimed in daim 22 or 23. 
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